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[57] ABSTRACT

A finder optical system comprises a first reflecting sur-
face disposed at an image side of an objective lens to
reflect light flux passing through the objective lens
obliquely upward on the exit pupil side, a roof surface
consisting of two reflecting surfaces orthogonally inter-
secting each other which is disposed obliquely upward
on the exit pupil side of the first reflecting surface to
perform right-left inversion of the light flux reflected by
the first reflecting surface and to reflect the light flux
obliquely downward on the exit pupil side, and a second
reflecting surface disposed obliquely downward on the
exit pupil side of the roof surface to perform an up-
down inversion of the light flux reflected obliquely
downward on the exit pupil side by the roof surface and
reflect the light flux toward an eyepiece, and wherein
the finder optical system fulfills the following condi-
tion: 20° <8 <40° wherein, € represents an angle made
by the first reflecting surface and an optical axis of the
objective lens. Thereby, an optical path length in an
erecting system can be shortened, and the finder optical
system itself becomes long in the direction of the objec-
tive lens, and therefore a finder image without eclipse
can be obtained at high magnification.

6 Claims, 6 Drawing Sheets
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1
FINDER OPTICAL SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a finder optical sys-
tem, and more particularly to a finder optical system
which utilizes light flux passing through a photo-taking

lens (objective lens) and is applied to a video still cam-
era or the like.

2. Description of the Prior Art

In comparison with a single lens reflex camera of 35
mm format, the video still camera using a solid state
image device such as a CCD (charge coupled device)
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having a small image plane necessitates an eyepiece of 1°

short focal length capable of obtaining a high finder
magnification. Accordingly, where a finder used for the
- single lens reflex camera is used for the video still cam-
era, it is required to shorten the optical path length in an
erecting optical system after the focal surface of the
objective lens. |

Also, in the video still camera, due to apparatuses

such as an image signal processing circuit, the rear sur-

face of the camera body protrudes greatly toward a
- pupil of the eye in comparison with the single lens reflex
camera. Therefore in the video still camera having the
eyepiece unit of a total length nearly equal to that of the
conventional single lens reflex camera, the pupil of the
eye cannot be brought close to the eyepiece and the
light flux relating to the peripheral part of the finder
image is eclipsed.

Furthermore, the pentagonal roof prism used for the
single lens reflex camera leads to a small finder system
in the direction of the objective lens in a manner that the
light flux is reflected once toward the object side when
an inverted image formed on the focal surface is re-
stored to an erect image. Therefore where the pentago-
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nal roof prism is used in the video still camera, it be-

comes increasingly difficult to reduce the distance be-
tween the eyepiece unit and the pupil of the eye.

Consequently, three principal conditions required for
the erecting system of the finder optical system applied
to the video still camera are as follows:

(1) The optical path length in the erecting system has
to be shortened. |

(2) The erecting system has to be brought close to the
pupil of the eye.
~ (3) Up-down inversion and right-left inversion of the

light flux of odd-number times are respectively re-
quired.

For the above-mentioned requirement (2), it could be
considered to accommodate this requirement by elon-
gating the total length of an eyepiece unit, but this is not
so preferable because the magnification of the finder
tends to be reduced as the total length of the eyepiece
unit is elongated.

Now, considerations are made on the erecting system
which fulfills the above-mentioned three requirements.
First, from the viewpoint of shortening the optical path
length and simplifying the constitution, up-down inver-
sion and right-left inversion are performed once respec-
tively. For this purpose, a constitution is considered
which provides a roof surface performing right-left
inversion and one reflecting flat surface facing this roof
surface and performing up-down inversion. Further-
more, 1t 1s considered that to bring the erecting system
close to the pupil of the eye, the light flux is reflected to
the exit pupil side when right-left inversion is made. For
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such an erecting system, the system as disclosed in FIG.
1 of each of the Japanese Laid-Open Ultility Patent
Publications No. 163941/1976 and No. 182726/1982
(FIG. 1 of the present application) has been known,
wherein the erecting system is constituted with a prism.

However, the above-mentioned erecting system pre-
supposes to use the light flux which is incident on the
objective lens and reflected in the vertical direction,
and therefore this system is not yet enough to fulfill the
above-mentioned requirements (1) and (2). In addition,
it 1s very difficult to make the light flux projected from
the erecting system horizontal i.e. parallel to the light
flux incident on the objective lens, and if it is intended to
be projected from the erecting system at an angle close
to horizontal direction (direction of the objective lens),
the optical path length in the erecting system becomes
very long, and it becomes more and more difficult to
fulfill the requirement (1).

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
finder optical system suitable for the video still camera,
which nicely fulfills the above-mentioned three require-
ments (1), (2) and (3), and has an erecting system also
capable of projecting the light flux at an angle close to
the horizontal direction.

In order to achieve such an object, the finder optical
system according to one feature of the present invention
comprises:

a first reflecting surface disposed at an image side of
an objective lens to reflect light flux passing through the
objective lens obliquely upward on the exit pupil side;

a roof surface consisting of two reflecting surfaces
orthogonally intersecting each other which is disposed
obliquely  upward on the exit pupil side of said first
reflecting surface to perform right-left inversion of the
light flux reflected by said first reflecting surface and
reflect the light flux obliquely downward on the exit
pupil side; and

a second reflecting surface disposed obliquely down-
ward on the exit pupil side of said roof surface to per-
form up-down inversion of the light flux reflected
obliquely downward on the exit pupil side by said roof
surface and reflect the light flux toward an eyepiece;

and wherein the finder optical system fulfills the follow-
ing condition: |

20° < 8 < 40°

wherein, 0 represents an angle made by said first reflect-
ing surface and an optical axis of the objective lens.

In accordance with the above-described feature of
the present invention, the optical path length in the
erecting system can be shortened, and the erecting sys-
tem itself is brought close to the pupil of the eye, and
therefore the focal length of the eyepiece can be set
smaller and a finder image without eclipse is obtainable
at a higher magnification. | |

Accordingly, the finder optical system of the present
invention is suitable for a finder optical system of the
video still camera wherein the image plane is small and
the rear part of the camera body protrudes greatly.
Furthermore, besides the finder optical system of the
video still camera, the finder optical system according.
to the present invention can be used also for any camera
which requires a finder optical system longer in the -
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direction of an optical axis of the photo-taking lens
wherein the optical path length is short.

The features of the present invention which are be-
lieved to be novel are set forth with particularity in the
appended claims. The present invention, both as to its
organization and manner of operation, together with
further objects and advantages thereof, may best be
understood by reference to the following description,
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 11s a view showing optical paths of the conven-
tional finder optical system.

FIG. 2 is a perspective view showing one embodi-
ment of the finder optical system in accordance with the
present invention.

FIG. 3 1s a cross-sectional view of the same.

FI1G. 4 through FIG. 7 are cross-sectional views
showing other embodiments of the finder optical system
of the present invention.

FIG. 8 is a view showing optical paths of the finder
optical system of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Hereinafter, the embodiments of the present inven-
tton will be described with reference to the drawings.

FI1G. 2 1s a perspective view showing one embodi-
ment of the finder optical system applying the present
invention, and FIG. 3 is a cross-sectional view of the
same. Light from an object incident on an objective lens
5 1s reflected upward by a reflecting surface (mirror) 1,
and the light from the object is led obliquely upward on
the exit pupil side by setting an angle € made by the
reflecting surface 1 and the horizontal plane (an optical
axis of the objective lens) to 20° through 40°. A focal
‘plate 2 1s installed at the position conjugate with an
image plane (not illustrated) of a camera on the axis of
the reflected light, and an erecting system 3 constituted
with a prism made of glass or resin is disposed behind it.
Also, behind an exit surface 33 of the erecting system 3,
an eyepiece unit 4 is installed which magnifies an image
of the object formed on the focal plate 2.

The erecting system 3 is constituted with a roof sur-
tface 31 consisting of two reflecting surfaces intersecting
orthogonally and a second reflecting surface 32, and the
light from the object incident on the erecting system 3
undergoes right-left inversion by the roof surface, and is
reflected obliquely downward on the exit pupil side,
and 1s further reflected by the second reflecting surface
32, thereby being projected from the exit surface 33 to
the eyepiece unit 4 nearly in the horizontal direction.

In the video still camera, size is not limited so much in
the upward direction, but apparatuses such as a signal
processing circuit are disposed in the downward direc-
tion, and therefore it is preferable not to locate the
erecting system 3 to extend downward excessively.
When the angle 8 made by the reflecting mirror 1 and
the honzontal plane is set smaller than 20°, the erecting
system 3 i1s lowered by all means, and the area of the
reflecting surface 1 is inevitably widened, and the appli-
cation to a practical camera becomes difficult. On the
contrary, when the angle 8 exceeds 40°, a problem takes
place which is similar to the problem in the case of the
conventional finder optical system which reflects the
light flux passing through the objective lens in the verti-
cal direction. Also, if a roof surface is adopted in place
of the second reflecting surface 32 such a constitution is
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not so preferable because the erecting system 3 is dis-
posed in the downward direction.

FI1G. 4 through FIG. 7 show other embodiments of
the erecting system 3 used for the finder optical system
of the present invention, and the same members as those
in FI1G. 2 and FIG. 3 are indicated by the same refer-
ence numbers.

FIG. 4 shows a most general shape of the erecting
system 3 constituted with a prism made of glass or resin.

F1G. 5 shows the erecting system 3 of a prism
wherein the second reflecting surface 32 and the surface
of incidence of the light flux in the same plane like the
embodiment as illustrated in FIG. 2 and FIG. 3, which
can be manufactured most simply. Also, the problem of
deterioration of chromatic aberration caused by the
prism can be eliminated by placing the surface of inci-
dence of this prism in parallel with the focal plate 2 and
positioning the exit surface 33 perpendicularly to the
optical axis.

FIG. 6 shows an embodiment in which the surface of
incidence i1s formed in a convex spherical surface (a
concave spherical surface may be applicable in place of
the concave spherical surface), and if the image of the
pupil of the eye 6 projected by the eyepiece unit 4 is
intended to be formed close to the exit pupil of the
objective lens (in other words, if the pupil of the eye 6
1S in conjugate relation with the exit pupil of the objec-
tive lens relative to the eyepiecee unit 4,), the conven-
tional light converging system of a condenser lens or a
Fresnal lens placed close to the focal surface can be
dispensed with. Integral molding with resin is suitable
for manufacturing such a prims.

FIG. 7 shows an example of constitution of the erect-
ing system 3 wherein a roof mirror 31’ and a plane
mirror 32’ are used 1n place of the prims. This excels in
cost and weight in comparison with the system using
the prism.

In addition, the erecting system 3 using the prism has
large angles of incidence of the light from the object
into the roof surface 31 and the second reflecting sur-
face 32, and therefore the roof surfaces 31 and the sec-
ond retlecting surface 32 can be used as totally reflect-
ing surfaces nearly independent of the refractive index
of the prism, as a result, a reflection treatment of the
roof surfaces 31 and the second reflecting surface 32 can
be dispensed with, resulting in advantages in technique
and coOst.

Also, by suitably varying the angle # made by the
reflecting surface 1 and the horizontal plane (direction
of the objective lens), the light flux projected to the exit
pupil can be made nearly horizontal.

Here, description 1s made on aspects of changes, in an
optical path length L of the erecting system 3 and a
length | of the finder optical system in the direction of
the photo-taking lens, which are caused by the angle 6
made by the reflecting surface 1 and the horizontal
plane based on FIG. 1 and FIG. 8. In FIG. 1 and FIG.
8, roof mirrors 31’ and plane mirror 32’ are used for the
erecting system 3. Note that the finder optical system as
shown in FIG. 1 is in the case where the angle 8 is 45°,
and FIG. 8 shows the case where the angle € is 30°.
Also, the optical path length L is an optical path length
from a focal surface 2’ to an exit surface 33’ of the erect-
ing system 3 (the exit surface is illustrated by a broken
line in FIG. 1 and FIG. 8), and the distance 1 is a hori-
zontal distance from the center of the reflecting surface
1 to the intersection of the plane mirror 32’ and the exit
surface 33’ of the erecting system 3. Furthermore, as
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setting conditions, the angle of the light flux projected
from the exit surface 33’ to the horizontal plane is set to
20°, and a distance d from the center of the reflecting
surface 1 to the focal surface 2’ in the direction of the
light flux reflected by the reflecting surface 1 is set to 15
mm. |

The lower limit of the position of the erecting system
3 is determined by the apparatuses such as the solid state
image device and the signal processing circuit. Also, the
distance from the center of the reflecting surface 1 to
the solid state image device, which is equal to distance
d from the center of the reflecting surface 1 to the focal
surface 2/, is determined by a low-pass filter and the like
disposed at the object side of the solid state image de-
vice. From these two conditions, 15 mm is the most
adequate as the minimum value of the distance d. From
this comparison, the case where the angle 8 of the re-
flecting surface 1 is 30° becomes more advantageous as
the distance d becomes longer, and therefore, here, 15
mm is adopted for the distance d.

Also, the light flux is assumed to be formed in a rect-
angle of 4.8 mm (short side) X 7.5 mm (long side) on the
focal surface 2, and to make a comparison between
FIG. 1 and FIG. 8 easy, the size and the shape of the
light flux on the plane perpendicular to the optical axis

is assumed not to be varied at any place other than the
focal surface 2'.

The calculated results are shown in the following

Table 1.
TABLE 1
L | I )
8 = 30° 17.8 mm 19.9 mm 7.5 mm 12.4 mm
0 = 45° 23.2 mm 18.8 mm 0 mm 18.8 mm

To obtain a finder image with high magnification, the
focal length of the eyepiece unit 4 is required to be
shortened, and for this purpose, the optical path length
L. should be short, and the case where the angle 8 of the
reflecting surface 1 is 30° is more advantageous.

The distance 1 is divided by the perpendicular line
intersecting a center point A of the focal surface 2’, and
the reflecting surface 1 side 1s taken as 1, and the erect-
ing system 3 side as 1. In the video still camera, the rear
surface of the camera body protrudes greatly to the
pupil of the eye, and therefore to obtain a finder image
without eclipse, it is desirable to bring the eyepiece unit
4 close to the pupil of the eye by elongating the finder
optical system in the direction of the photo-taking lens,
and the case of 6=30° where the distance 1 is longer
becomes advantageous. In addition, because 1 is repre-
sented by 11 =d cos 20, if §=45°, cos 20 equals 0 and 1,
1s always 0. While if 6=30°, the distance 1; becomes
longer as the distance d becomes longer, and this system

as shown in FIG. 8 becomes more and more advanta-
Zeous.
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Consequently, in the case where the angle @ of the
reflecting surface 1 to the horizontal plane is 30°, the
optical path length 1. becomes shorter and the distance
1 becomes longer, and therefore a finder image having
high magnification can be obtained without eclipse.

Although the present invention has been fully de-
scribed by way of example with referenence to the
accompanying drawings, it is to be noted here that
various changes and modifications will be apparent to
those skilled 1n the art. Therefore, unless otherwise such
changes and modifications depart from the scope of the

present invention, they should be construed as being
included therein.

What 1s claimed is:

1. A finder optical system comprising:

a first reflecting surface disposed at an image side of
an objective lens to reflect light flux passing
through the objective lens upward relative to an
optical axis of the objective lens towards an exit
pupil side; |

a roof surface consisting of two reflecting surfaces
orthogonally intersecting each other which is dis-
posed, on the exit pupil side of said first reflecting
surface, to perform a right-left inversion of the
light flux reflected by said first reflecting surface
and to reflect the light flux downward towards the
exit pupil side; and

a second reflecting surface disposed downward rela-
tive to said roof surface to perform an up-down
inversion of the light flux reflected downward
toward the exit pupil side by said roof surface and
to reflect the light flux towards an eyepiece,

wherein the finder optical system fulfills the fol-
lowing condition:

20° <8 <4y

wherein, € represents an angle made by said first reflect-
ing surface and the optical axis of the objective lens.

2. A finder optical system as claimed in claim 1,
wherein the light flux reflected by said second reflect-
ing surface is in parallel with the light flux incident on
the objective lens.

3. A finder optical system as claimed in claim 1,
wherein said roof surface and said second reflecting
surface are formed in one prism.

4. A finder optical system as claimed in claim 3,
wherein said roof surface and said second reflecting
surface formed in said prism are both totally reflecting
surfaces. - - |

5. A finder optical system as claimed in claim 3,
wherein said prism is constituted by integral molding
with resin. |

6. A finder optical system as claimed in claim 1,
wherein said roof surface and said second reflecting
surface are constituted with a roof mirror and a plane

mirror which are placed in air.
* * % x *
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